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INTRODUCTION 
Dectectable residuE~ levels of the pesticide Kepone have 
been found in resident and migratory finfishes from the James 
River, Virginia (Bender et al., 1977). As a result, the James 
River was closed to commercial finfishing in early 1976 (with the 
exceptions of channel catfish and American shad for a short 
period of time}. In addition, the United States Food and Drug 
Administration established an action level of O. 3 ppm of Kepone 
in finfishes utilized for human consumption. 
Residue levels of Kepone in fishes such as spot, Atlantic 
croaker, bluefish, striped bass and American shad were 
investigated to determine if these migratory species present 
a he~lth haza~d to the public in areas beyond the James River 
system. Bende:r et al. ( 1977) found that residue levels in 
finfishes were dependent upon the species of fish and the 
length of residenc~ in the James River. Also, they maintained 
that residue levels in finfishes declined as distance from 
the James was increased. 
In 1977,-additional Kepone studies were begun at the 
Virginia Institute of Marine Science (VIMS) to determine the 
rates of Kepone depuration in contaminated fishes from the James 
River. In a laboratory analysis of Kepone depuration by Atlantic 
croaker, Micropogonias undulatus, Doyle et al. (In Press) observed 
a significant drop· in Kepone concentration in the 24th week sample. 
Furthermore, it was noted that this significant change in mean 
residue levels coincided with a rise in the ambient water temperature 
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to above 15°C; however, additional studies were needed to confirm 
this relationship. In our study we chose to observe the effect 
of temperature on the rate of Kepone depuration by contaminated 
spot, Leiostomus xanthurus, from the James River. 
Bender et al. (1977) reported a mean Kepone_level of 0.81 ppm 
in spot from the James River and the lower Chesapeake Bay. This 
was attributed to the biomagnification of Kepone through the food 
chain and/or direct uptake from the water {Schimmel and Wilson, 1977). 
Bahner et al. (1977) confirmed this belief in a study in which spot 
were fed live mysids which had grazed on Kepone laden brine shrimp. 
Consequently, the spot accumulated concentrations of Kepone near 
that in their diet. Spot which had been exposed to Kepone in water 
were able to reduce Kepone residues in the~ir tissues to 30-50 
percent within 24-28 days in Kepone free water. 
MATERIALS AND METHODS 
On November 11, 1977, approximately 550 spot were obtained 
from the lower James River with a 30 foot semi-balloon trawl. They 
ranged in size from 86 mm in fork length and 8 grams in total 
weight to 233 mm in fork length and 165 grams in total weight. 
They were transported to VIMS and distributed randomly to four 
circular four-foot tanks {approximately 200 gallons each). All 
tanks were supplied with Kepone-free York River water in a flow-
through system and strong aeration. Fish were fed chopped Kepone-
free squid daily (8-12 percent body weight). 
After one nonth of acclimation at ambient river temperature, 
three of the tanks were heated with water from a large header 
3 
tank equipped with two 220-volt heaters. Heated and unheated 
water wer~ combined in mixing boxes, and flow rates were 
adjusted so that temperatures were maintained at approximately 
22°, 17° and 12°, respectively, in the three experimental tanks. 
The fourth tank remained at ambient temperature except for a 
period between January and March in which a small heater was 
added to keep the water above 5°C. All tanks were insulated 
with cotton padding and alu..minium foil. At times, temperatures 
in the heated tanks fluctuated as a result of sand clogging 
the pipes and disrupting the established flow rates. In the 
spring, river water temperature rose until, in June, all tanks 
were above 22°C. Throughout the experiment, salinity and 
dissolved oxygen were measured weekly, while temperatures were 
taken daily. In addition, water samples were analyzed 
periodically for Kepone. 
During the acclimation period, two samples of twenty fish 
(five per tank) were sacrificed on Day O and Day 31 and 
analyzed for Kepone. Thereafter, biweekly samples of ten spot 
per tank were taken for several weeks. Since, it appeared that 
the spot were depurating slowly, the time interval was increased 
later to four weeks. Kepone concentrations (whole body, micro-
grams/gram, µg/g; and parts per million,ppm) were determined 
by electron capture gas chromatography. Mass spectrometry was 
utilized when concentrations were high. For the exact metho-
dology of the chemical analysis see Appendix A. 
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RESULTS 
Contaminated spot depurated cons"iderable amounts of Kepone 
within a period of two hundred days (Fig. 1, dotted line). A mean 
Kepone concentration of 1.63 ppm (N = 20) was found for spot 
sacrificed on the day of collection (t = 0); wh~_reas, a mean 
Kepone concentration of 0.45 ppm (N = 30) was found for spot 
sacrificed two hundred days-later Ct= 200). In a sta~istical 
analysis utilizing mean concentration values for the periods 
t = 0 and t = 31, spot eliminated approximately 53 percent of 
the Kepone residues in their tissues; however, 95 percent 
confidence interyals were broad during this period of acclimation 
(Fig. 1). Bahner et al. (1977) reported residue declines of 
30-50 percent in spot after 24-28 days in Kepone-free water. 
Further demonstration of Kepone depuration in the spot 
was provided by Pe~rson correlation coefficients (r) of -0.7252 
(p = .001) for the variables Kepone concentration with total 
number of days in tank Ct) and -0.6231 (p = .001) for the 
variables Kepone concentration with total number of days in 
tank squared (t 2 ). A multiple regression analysis of mean 
Kepone concentrations by t of each tank produced the following 
regression equation: 
- 5 2 
4.5612xl0- t, 
Kepone concentration+ l.48183-0.145133 t + 
., 
r- = 0.6948, p = .001 
and the regression curve (solid line) of figure 1. 
The levels of Kepone concentrations in spot varied by 
period (t) and by tank (Appendix B). The appearance of a rise 
in concentrations after day 31, when heat was applied to tanks 
5 
1, 2 and 3, was attributed to no net loss of Kepone while spot 
were reacclimating to the rise in temperatures (Appendix C} and 
to possible random samples of highly contaminated fish. Thus, 
the actual acclimation period for the spot might be considered 
as the first sixty or seventy days. Once the tanks had achieved 
their respective ternp~ratures (between days 59 and 73} mean 
Kepone concentrations in the spot samples began to change. 
Spot in the warmer tanks demonstrated low,~r mean Kepone concen-
trations. In fact, spot in Tank 1 (22°C} generally exhibited 
lower concentrations (Fig. 1). Unfortunately, Tank 1 was dis-
continued after a short period of excessively high temperatures 
which caused a high mortality among the spot. 
No significant.relationships were found between the 
level of Kepone residues (ppm} in spot and the length, weight, 
or sex of the fish. Values of micrograms of Kepone per gram 
fish (Appendix C} produced comparable results in statistical 
analyses. Furthermore, no substantial growth was observed in 
the spot during the study period. Thus, dilution of Kepone 
residue in the tissues due to growth was not a factor in the rate 
of depuration. 
Although spot and Atlantic croaker are closely related species, 
Kepone concentrations in spot were generally higher than those 
Doyle et al. (1978} found in Atlantic croaker. Both species were 
collected from the James River at approximately the same time of 
year (October-November} although in different years (1976-1977). 
Initially, spot depurated Kepone at a faster rate than Atlantic 
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croaker (Fig. 2). In fact, there was no significant decrease in 
Kepone levels of Atlantic croaker until after a period of fifty-
six days. On the other hand, Atlantic croaker that were 
sacrificed after a period of one hundred and fourteen days, de-
purated at a slightly faster rate than spot from Tank 4 (ambient 
temperature). 
CONCLUSIONS 
Spot, like other fishes, depurated Kepone at a slower rate 
than some invertebrate species (see: Bahner et al. 1977). A mean 
loss in Kepone residues of 72 percent occurred between the initial 
spot sample (t = 0) and the eight spot sample (t = 200). A plot 
of the variables, mean Kepone concentration by period (t) (Figure 
1) demonstrated the fact that a negative relationship existed 
between Kepone concentration in spot and the amount of time a 
spot was allowed to depurate in Kepone fre,~ water. Nonetheless, 
only 30 percent of the spot (N = 309) utilized in the test were 
below the established action level for human consumption (0.3 
ppm). Therefore, it appears that it would be impractical to re-
move spot fromacontarninated area and to maintain them in a 
holding facility forthe,purpose of depuration and later commercial 
sale. Whether wild spot from the James River and the lower 
Chesapeake Bay can_ or cannot eliminate· Kepone from their bodies 
while in the overwintering grounds of Virginia and North 
Carolina is still another question. To answer this question 
and other management questions, we would have to establish the 
Kepone levels in fish from offshore and returning populations 
which would be very difficult and costly. 
Temperature was an important factor in the rate of Kepone 
depuration in spot. Spot held in warmer water exhibited lower 
mean Kepone concentrations: however, we were unable to observe 
the effect of the lower temperature extremities for any length 
of time in the cooler tanks because of thE? rise __ in temperature 
during the later spring months. In response to the warmer 
temperatures, K~pone concentrations in spot indicated that the 
rate of elimination of Kepone from body tissues is probably a 
function of the rate of an individual's metabolism. Thus, an 
increase in the matabolic rate as a result of an increase in 
body temperature may cause an acceleration in the depuration 
rate; however, it may not be apparent until after a period of 
acclimation. 
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It is regretaple that the cost of Kepone body burden 
analysis is so high that sample sizes must remain small. In the 
future, we should take a closer look at the.processes of uptake 
and accumulation of Kepone in eggs, larvae, juvenile and adult 
life stages. Also, we must have a better understanding of how 
Kepone concentrations in fish are related to uptake, accumulation 
and the lipid composition of fish. 
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Figure 1. Depuration of Kepone from Spot, Leiostomus xanthurus. 
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Figure 2. Comparison of the depuration rates of Atlantic croaker and Spot 
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Appendix A 
Chemical Analysis for the Pesticide Kepone 
Appendix A 
Chemical Analysis for the Pesticide Kepone 
Whole fish were ground in a meat grinder into hamburger 
consistency. A mixture of anhydrous sodium sulfate and QusoR 
G-30 (precipitated silica, Philadelphia Quartz Co.) was added 
for desiccation. The proportions of sample to the desiccants 
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were: 30 g fish - 54 g Na 2 SO 1• - 6 g Quso. Then samples were 
frozen at -5°C for 24 hours to rupture the cells. After thawing 
the desiccated samples were groun~ with a blender to a powdery 
consistency and transferred to pre-extracted paper thimbles for 
Soxhlet extraction. Extraction was carried out using 1: 1 ethyl 
ether-petroleum ether for 16 hrs. Extrac:ts were then concentrated 
by evaporation and cleaned by activated fluorisil column chroma-
tography (EPA, 1975). The Kepone containing elutriate was 
analyzed by electron capture gas chromatography utilizing packed 
columns with one or more of the following liquid phases: 4% SE-
30 + 6% OV 210; 1.5% OV-17 + 1.95% QF-1 + 3% CV-1. On occasion, 
when concentrations were sufficiently high, Kepone presence was 
confirmed by mass spectrometry. 
Appendix B 
Descriptive Statistics of Kepone Concentrations Broken 
Down by Tank and Sampling Period 
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Appendix Bl. Central tendencies of Keoone concentrations in soot from tank number one (22°C). 
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Appendix 82. Central tendencies of Keoone concentrations in soot from tank number two (17°C). 
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Appendix B3 .. Central tendencies of Kepone concentrations in spot from tank number three (12°C). 
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Appendix B4. Central tendencies of Keoone concentrations in soot from tank number four (Ambient). 
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Appendix B7. 
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Appendix C 
Water Quality Analysis During the Experimental Period 
Appendix Cl. Average temperatures of each tank. 
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Appendix C2. Dissolved oxygen concentrations for all four tanks. 
4 8 12 
NOV- DEC 1977 JAN 1978 FEB 
16 
MARCH 
20 
APRIL 
Tl ME IN WEEKS 
24 
MAY 
ALL TANKS 
28 32 
JUNE 
22 
20 
~ 
<i 16 
Cl) 
w 
C, 
< 
a: 
w 14 ~ 
12 
Appendix C3. 
100 4 
Average salinity for all four tanks. 
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